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SOLUTION: The method includes a step for forming a 
laminated structure, having a channel layer and first insulation 
layers provided on the respective side surface of the channel 
layer, a step for forming an opening in the laminated structure, 
a step for forming source and drain regions in the opening, a 
step for removing a portion of the laminated structure for 
leaving a first portion of the channel layer exposed to the 
external, a step for forming a first gate dielectric layer in the 
channel layer, a step for forming a first gate electrode in the 
first gate dielectric layer, a step for removing a portion of the 
laminated structure to leave a second portion of the channel 
layer exposed to the external, a step for forming a second gate 
dielectric layer in the channel layer, a step for forming a 
second gate electrode in the second gate dielectric layer, and 
a step for doping the source and drain regions through self- 
aligned ion implantation. In this case, the first and second gate 
electrodes are formed independently of each other. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 >**» shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The transistor which said 1st gate and said 2nd gate separated electrically including a channel field, 
the 1st gate on said channel field, and the 2nd gate under said channel field. 

[Claim 2] Said 1st gate is a transistor according to claim 1 from which said 2nd gate and doping concentration 
differ. 

[Claim 3] Said 1st gate is a transistor according to claim 1 from which said 2nd gate and doping kind differ. 
[Claim 4] The transistor according to claim 1 which contains the 1st gate dielectric under said 1st gate, and 
contains the 2nd gate dielectric on said 2nd gate. 

[Claim 5] Said 1st gate has the 1st electric conduction contact, said 2nd gate has the 2nd electric conduction 
contact and this 1st electric conduction contact and this 2nd electric conduction contact are coplanar 
****** and a transistor according to claim 1. 

[Claim 6] For said 2nd gate, said 1st gate is a transistor containing different matter according to claim 1. 
[Claim 7] For said 2nd gate, said 1st gate is a transistor according to claim 1 from which thickness differs. 
[Claim 8] The transistor according to claim 1 in which the structure by which flattening was carried out in said 
1 st gate, said 2nd gate, and a channel field is formed. 

[Claim 9] For said 2nd gate dielectric, said 1st gate dielectric is a transistor containing different matter 
according to claim 4. 

[Claim 10] For said 2nd gate dielectric, said 1st gate dielectric is a transistor according to claim 4 from which 
thickness differs. 

[Claim 11] For said 2nd gate, said 1st gate is a semiconductor chip containing the matter with which it is a 
semiconductor chip with at least one transistor, and these transistors differ including a channel field, the 1st 
gate on said channel field, and the 2nd gate under said channel gate. 

[Claim 12] Said 1st gate and said 2nd gate are a semiconductor chip according to claim 11 with which dopant 
concentration differs. 

[Claim 13] Said 1st gate and said 2nd gate are a semiconductor chip according to claim 11 with which dopant 
kinds differ. 

[Claim 14] The semiconductor chip according to claim 11 which contains the 1st gate dielectric under said 1st 
gate, and contains the 2nd gate dielectric on said 2nd gate. 

[Claim 15] For said 2nd gate dielectric, said 1st gate dielectric is a semiconductor chip containing different 
matter according to claim 14. 

[Claim 16] For said 2nd gate dielectric, said 1st gate dielectric is a semiconductor chip according to claim 14 
with which thickness differs. 

[Claim 17] Said 1st gate has the 1st electric conduction contact, said 2nd gate has the 2nd electric 
conduction contact, and this 1st electric conduction contact and this 2nd electric conduction contact are 
coplanar ****** and a semiconductor chip according to claim 11. 

[Claim 18] Said 1st gate and said 2nd gate are the semiconductor chip according to claim 11 separated 
electrically. 

[Claim 19] Said 1st gate and said 2nd gate are a semiconductor chip according to claim 11 with which 
thickness differs. 

[Claim 20] The semiconductor chip according to claim 1 1 with which the structure by which flattening was 
carried out in said 1st gate, said 2nd gate, and said channel field is formed. 

[Claim 21] Said 1st gate and said 2nd gate are the approach separated electrically mutually including the step 
which is the approach of forming a transistor and forms a laminated structure including the 1st gate on a 
channel field, the step which removes said a part of laminating under said channel field, and the step which 
forms the 2nd gate in the bottom of said channel field. 

[Claim 22] Said 1st gate is the transistor formation approach according to claim 21 which supports said 
channel field between said removal processes. 

[Claim 23] Said 1st gate and said 2nd gate are the transistor formation approach according to claim 21 that 
dopant concentration differs. 

[Claim 24] The transistor formation approach containing the step which applies a doping kind which is different 
to said 1st gate and said 2nd gate according to claim 21. 

[Claim 25] The transistor formation approach containing the step which forms the 1st gate dielectric in the 
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bottom of said 1st gate, and forms the 2nd gate dielectric on said 2nd gate according to claim 21. 

[Claim 26] For said 2nd gate dielectric, said 1st gate dielectric is the transistor formation approach containing 

different matter according to claim 24. 

[Claim 27] For said 2nd gate dielectric, said 1st gate dielectric is the transistor formation approach according 
to claim 24 that thickness differs. 

[Claim 28] The transistor formation approach containing the step which forms the 1st gate oxide in the bottom 
of said 1st gate, and forms the 2nd gate oxide on said 2nd gate according to claim 21. 
[Claim 29] Said 1st gate has the 1st electric conduction contact, said 2nd gate has the 2nd electric 
conduction contact, and this 1 st electric conduction contact and this 2nd electric conduction contact are 
coplanar ****** and the transistor formation approach according to claim 21. 

[Claim 30] For said 2nd gate, said 1st gate is the transistor formation approach containing different matter 
according to claim 21. 

[Claim 31] For said 2nd gate, said 1st gate is the transistor formation approach according to claim 21 that 
thickness differs. 

[Claim 32] The transistor formation approach according to claim 21 that the structure by which flattening was 
carried out in said 1 st gate, said 2nd gate, and said channel field is formed. 

[Claim 33] The step which forms the laminated structure which is the approach of producing a double-gate 
transistor, and has the 1st insulating layer in each side face of a channel layer and this channel layer. The step 
which forms opening in said laminated structure, and the step which forms the field of the source and a drain 
in said opening, The step which it leaves, removing said a part of laminated structure, and exposing a part for 
part I of said channel layer, The step which forms the 1st gate dielectric on said channel layer, and the step 
which forms the 1st gate electrode on said 1st gate dielectric layer, The step which it leaves, removing said a 
part of laminated structure, and exposing a part for part D of said channel layer. The step which forms the 2nd 
gate dielectric layer on said channel layer, and the step which forms the 2nd gate electrode on said 2nd gate 
dielectric layer, The approach by which said 1st gate electrode and said 2nd gate electrode of each other are 
formed according to an individual including the step which dopes the field of said source and a drain. 
[Claim 34] Said 1st and 2nd gate electrodes are the approaches according to claim 33 separated electrically. 
[Claim 35] Said doping of the field of said source and a drain is an approach including a self-align ion 
implantation according to claim 33. 

[Claim 36] The approach containing the step which forms said 1st gate electrode so that thickness may 
become large from said 2nd gate electrode according to claim 33. 

[Claim 37] The approach containing the step which forms said 1st gate so that width of face may become 
large from said 2nd gate according to claim 33. 

[Claim 38] The approach containing the step which forms said 1st gate dielectric so that width of face may 
become large from said 2nd gate dielectric according to claim 33. 

[Claim 39] For the 1st matter to said 2nd gate, said 1st gate is an approach containing the step formed from 
the 2nd matter according to claim 33. 

[Claim 40] For the 1st matter to said 2nd gate dielectric, said 1st gate dielectric is an approach containing the 
step formed from the 2nd matter according to claim 33. 

[Claim 41] For this tunnel, said step which removes said a part of laminated structure is an approach 
according to claim 33 formed between the upper layer and a lower layer including the step which leaves with a 
part for part II of said channel layer exposed, and forms a tunnel in said laminating. 

[Claim 42] For said 2nd gate dielectric, said 1st gate dielectric is an approach containing different matter 
according to claim 33. 

[Claim 43] For said 2nd gate dielectric, said 1st gate dielectric is the approach according to claim 33 thickness 
differs. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Generally this invention relates to the self-align double-gate metal oxide 
semiconductor field-effects transistor (DG-MOSFET) which the gate separated electrically up and down. In 
this invention, the up-and-down gate can be formed from different matter. 
[0002] 

[Description of the Prior Art] A double-gate metal oxide semiconductor field-effects transistor (DG-MOSFET) 
is MOSFET by which the carrier in a channel is controlled by the up-and-down gate. There is an advantage 
which is not in the conventional single gate MOSFET that the parasitism resistance with a high 
transconductance is excellent in the short channel property of small not being influenced of dopant change in 
double-gate one MOSFET. Furthermore, even 20nm even of channel length of doping of a channel field is 
unnecessary, and a good short channel property is acquired. Thereby, all problems, such as tunnel breakdown 
accompanying channel doping, dopant quantization, and impurity diffusion, are avoided. 

[0003] The conventional system aimed at the double-gate structure in which the gate of both upper and lower 
sides carries out self align to a channel field. However, the approach satisfying when attaining this self-align 
structure is not acquired. Generally, old efforts are divided into the following categories. The 1st category 
includes etching of the silicon (Si) to pillar (pillar) structure, and the gate adhesion around it (perpendicular 
field-effect transistor (FET)). the 2nd category — the SOI (silicon-on-insulator) film — etching — a thin bar - 
- carrying out — the both ends of a bar — the source / drain contact — forming — thin Si bar — all — the 
gate matter is adhered to the 3rd page. By another approach, the conventional single gate MOSFET is 
produced and the 2nd gate is formed by the junction etchback method. The 4th conventional method is 
started from a SOI thin film, a strip is patternized, a tunnel is dug through the bottom of it by etching 
embedding oxide, and hung Si bridge is formed. Next, the gate matter is adhered to ail hung Si bridges. 
[0004] Which of the aforementioned approach has a big fault. For example, it is difficult for the 1st and the 2nd 
category to form a perpendicular pillar or Si bar in 10nm thickness, and to attain this dimension, controlling 
thickness enough, and to prevent reactive-ion-etching (RIE) breakage. In the case of a perpendicular example 
(the 1st), it is difficult to produce low series resistance contact to the source / drain terminal buried under 
the pillar. Device width of face is restricted by Si bar height in a horizontal example (the 2nd). In the 3rd 
example, the self align of the gate of thickness control and the upper and lower sides becomes a big problem. 
Gate length's control is inadequate, it connects electrically and the same matter needs to constitute the two 
gates from the 4th example. 

[0005] K. the [ by LChan, G.M.Cohen, Y.Taut, and H.S.P.Wong / on March 19, 1999 / United States patent 
application ] — No. 09/272297 "Self-Aligned Double-Gate MOSFETby Selective Epitaxy and Silicon Wafer 
Bonding Techniques" (hereafter referred to as Chan) uses the production approach of the double-gate 
MOSFET structure where the up-and-down gate carries out self align of both to a channel field. Most 
aforementioned problems are avoided according to this process. However, the up-and-down gate is connected 
physically. This is because it adheres to the gate matter at 1 time of a processing step as the "channel 
perimeter" gate. 

[0006] Since it is as follows, this brings about the result which is not desirable depending on an application. It 
is desirable 1st to separate the two gates from a viewpoint of a circuit design electrically. Since the bottom 
gate and the upper gate are fundamentally formed in the 2nd from the same matter, only symmetry mold DG- 
MOSFET is producible. Unsymmetrical DG-MOSFET in which the matter of the bottom gate differs from the 
upper gate is unrealizable. 

[0007] Chan is indicating the approach of forming the "channel perimeter" gate by formation of the hung 
silicon bridge (channel), and adhesion of the conformal gate matter to the perimeter of a channel following this. 
In order to improve the controllability of a threshold electrical potential difference, it is necessary to make 
****** 0 f a channel thin to 3nm thru/or 5nm. It is not clear whether the sufficiently high yield can be 
maintained, processing such a thin bridge. Therefore, this point may impose a limit on the process by Chan. 
[0008] 

[Problem(s) to be Solved by the Invention] Therefore, self-align DG-MOSFET formed by adhering the up-and- 
down gate according to an individual is calculated. Many merits are obtained with such structure. For example, 
the gate can be electrically separated by forming the gate independently, the gate where the matter differs 
from thickness can be formed, and since the structure by which flattening was carried out is acquired. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



06/04/26 



JP.2002-016255.A [DETAILED DESCRIPTION] 



2/6 v 



connection with a device becomes easy. Moreover. DG-MOSFET which can form an ultra-thin channel is 

calculated. 

[0009] 

[Means for Solving the Problem] The step which forms the laminated structure to which the purpose of this 
invention has the 1st insulating layer in each side face of a channel layer and a channel layer. The step which 
forms opening in a laminated structure, the step which forms the field of the source and a drain in opening, 
The step which leaves a part for part I of the channel layer which deleted a part of laminated structure and 
was exposed, The step which forms the 1st gate dielectric layer in a channel layer, the step which forms the 
1st gate electrode in the 1st gate dielectric layer, The step which leaves a part for part D of the channel layer 
which removed a part of laminated structure and was exposed. The step which forms the 2nd gate dielectric 
layer in a channel layer, the step which forms the 2nd gate electrode in the 2nd gate dielectric layer, And it is 
offering the approach of producing a double-gate integrated circuit (IC) the 1st gate electrode and the 2nd 
gate electrode being formed mutually-independent, and its structure, including the step which dopes the field 
of the source and a drain by the self-align ion implantation. 

[0010] Although a gate dielectric is formed from Si02, other dielectric matter is usually sufficient as it. 
Moreover, the gate dielectric relevant to the upper gate has been independent of the gate dielectric relevant 
to the bottom gate. Therefore, as for a gate dielectric, thickness is easy to differ from the matter. 
[0011] 

[Embodiment of the Invention] Hereafter, this invention whose up-and-down gates are the self-align double- 
gate metal oxide semiconductor field-effects transistor (DG-MOSFET) separated electrically and its 
production approach is explained. Furthermore, the up-and-down gate contains different matter. 
[0012] As shown in drawing 1 thru/or drawing 6 , this invention begins from formation of a series of layers. 
About 2nm thin diacid-ized silicon 1 is first formed in single crystal wafer 5A (donor wafer). Next, the silicon 
nitride layer 2 (this is for example, about 100nm thickness) is formed in the diacid-ized silicon layer 1. Next, 
the thick (for example, about 400nm thickness) diacid-ized silicon layer 3 is formed in a nitrated case 2. Next, 
a crystal wafer is joined to the handle wafer 4. This junction is performed to a boron dirty stop, smartCut, and 
this contractor by general silicon wafer conjugation methods, such as the well-known approach. (Please refer 
to Silicon-On-Insulator Technology by Jean-PierreColinge, 2nd Ed, Kluwer Academic Publishers, and 1997 
about the detail of a conjugation method.) Next, the SOI layer 5 is formed in thickness required for an 
MOSFET channel. For example, when using the smartCut method, thin Si layer is moved to the handle wafer 4 
from a donor wafer 5A front face. Moved Si layer is usually joined to the insulator layer of Si02 grade 
(therefore, called silicon-on-insulator (SOI)), the thickness of moved Si layer — smartCut — it is decided by 
the depth of the impregnation hydrogen which is a part of law. A SOI layer can be made still thinner by 
oxidation and exfoliation, after being moved to the handle wafer 4. SOI thickness is usually observed by 
polarization analysis or the X-ray diffraction method (G. please refer to Applied Physics Letters by M Cohen 
and others, 75 (6), p.787, and August 1999). 

[0013] Next, the thin diacid-ized silicon layer 6 (about 2nm) is formed in the SOI layer 5. Then, the thick 
silicon nitride layers 7 (about 150 etc.nm etc.) are formed in the diacid-ized silicon layer 6. 
[0014] After the first group is completed, two fields 8 are etched and a membranous stack is formed. As 
shown in drawing 7 and drawing 8 , it is a dirty stop (or the same control function embeds and arranged to 
fixed distance in an oxide (BOX) 3.). The distance between these two fields becomes the die length (Lg) of the 
produced MOSFET gate. 

[0015] The structure and the process of this invention are explained with reference to various sectional views 
here for compaction. For example, dra wing 7 , dra wi ng 9 , dra.wing.1J. or drawing 18 , drawing 2Q t drawing 21 , 
drawing 23 , drawing 25 , drawing 27 , drawing 29 , drawing 31 , drawing 33 or drawing 38 , drawing 40 , drawing 
41 , drawing 43 , drawing 45 , and drawing 47 are drawings which cut off the top view of the structure shown in 
dr aw ing 8 and drawing _9 along with line L-L. 

[001 6] In this invention, in order to adjust the configuration of the etched field, a series of steps are 
performed. First, as shown in drawing 9 and drawing 10 , the epitaxial silicon (epi) extension 9 is alternatively 
grown up from five single crystals SOI. The epi extension 9 is prolonged to the etched field 8, and grows up to 
be the perimeter of the etched field. The magnitude of the epi extension 9 is 50nm suitably. An extension is 
got by SiGe, SiGeC, and this contractor also with growth of other alloys, such as other well-known suitable 
matter. 

[0017] Next, as shown in drawing 1 1 , the side-attachment-wall spacer 10 is formed in the side attachment 
wall of the etched field 8. This is performed by adhesion of the dielectric (not shown) to the whole structure. 
The thickness of the spacer 10 obtained with the thickness of a dielectric is decided. A dielectric also 
becomes the element which gives etch selectivity (for example, the layer of an oxide and a nitride is adhered 
later). In the case of a suitable example, the side-attachment-wall spacer 10 is formed of reactive ion etching. 
Moreover, the residue of a spacer dielectric is removed from the silicon extension which the SOI channel 
exposed by isotropic etching (reactive ion etching or wet chemical etching). 

[0018] Next, as shown in drawing 1 2 , the source / drain field 1 1 is formed. This is performed [ 1st ] by 
adhering an amorphous silicon or the polish recon 1 1 to the etched field 8. As shown in drawing.! 2 , it adheres 
to it until an amorphous silicon becomes higher than the top face of a nitride 7. Flattening of the top face is 
carried out to the 2nd by mechanization study-polish (CMPxhemicahmechanical polishing). A CMP process 
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removes an amorphous silicon and is mainly alternative to a nitride 7. Next, as shown in drawing 13 , a recess 
12 is formed in the silicon of the source / drain field 1 1 of reactive ion etching. Adhering to dielectrics 13 
(oxide etc.) to the recess field 12 finally, as shown in drawing 14 . a dielectric becomes isomorphism 
completely to the recess field 12. Then, flattening of the dielectric is carried out by CMP. 
[0019] Moreover, as shown in drawing 15 , the configuration of the upper part of structure is adjusted. This is 
performed to the 1st by removing the upper nitride 7 by wet chemical etching (elevated-temperature 
phosphoric acid etc.). As shown [ 2nd ] in drawing 16 , a side attachment wall 14 is formed. A side attachment 
wall adheres a dielectric to conformal one to the whole structure, and is formed by etching a dielectric. The 
thickness of a side attachment wall 14 is decided by thickness of a dielectric. Upper sacrifice pad oxide 6 is 
removed by wet chemical etching (for example, hydrofluoric acid) by the 3rd. Next, as shown in drawing 1 7 , 
the upper gate dielectric (oxide) 15 is grown up into the top face of the SOI channel 5. Conformal one adheres 
to the upper gate matter 16 (for example, the doped polish recon or the tungsten), and a gate electrode is 
formed as shown in drawing 18 . Flattening of the top face is carried out to the last by mechanization study- 
polish. A CMP process mainly removes the upper gate matter to a nitride 7 using an alternative slurry. Then, 
as shown in drawing 19 and drawing 20 , the mesa hard mask 1 7 is arranged at structure. A nitrated case is 
suitably patternized for a mesa hard mask by adhesion of the nitride of about 100nm thickness later. Drawing 
22 , drawing 24 R> 4, drawing 26 , drawing 28 , drawing 30 , drawing 32 , drawing 42 , drawjng 44 R> 4, drawing 
46 , and drawing 48 are the sectional views in alignment with line W-W shown in drawing 19 . 
[0020] Specifically, each device is separated by the mesa hard mask 17. Structure is patternized as follows. 1) 
As shown in drawing 21 and drawing 22 , etch over the SOI film by RIE and stop with a nitride. 2) As shown in 
drawing 23 and drawing 24 , adhere dielectrics, such as about 75nm low-temperature-oxidation object 
(LTOilow temperature oxide), to the whole structure suitably conformal one, etch a dielectric, and form a side 
attachment wall 18. 3) As shown in drawing 25 and drawi ng 26 , carry out fixed distance etching to the 
direction of BOX3, and complete etching of a mesa. The side attachment wall of the bottom nitride 2 is also 
exposed between this process. 

[0021] As shown in drawin g 27 and drawing 28 , in this invention, the thermal oxidation object 19 is grown up 
and the exposed source and the side attachment wall of a drain are separated. Next, as shown in drawing 29 
and drawing 30 , the bottom nitride 2 and the upper nitride hard mask 17 are removed by wet chemical etching 
(elevated-temperature phosphoric acid etc.). By the bottom nitride 2 being removed, the bridge which the 
tunnel 20 hung in the die-length direction is formed crosswise [ of a device ]. Moreover, the bottom sacrifice 
pad oxide 1 is removed by wet chemical etching (phosphoric acid etc.). 

[0022] Next, as shown in drawing 31 and .drawing 32 , the bottom gate electrode 22 is formed. This is because 
the bottom gate dielectric (oxide) 21 is grown up into SOI channel 5 inferior surface of tongue at first. 
Conformal one adheres to the bottom gate matter 22 (polish recon, a tungsten, etc. which were doped), and a 
bottom gate electrode is formed. Next, flattening of the top face is carried out by CMP. A CMP process 
removes the bottom gate matter and is mainly alternative to LTP. 

[0023] As shown in drawing 33 , the source / drain cap dielectric LTO 13 is etched. In this invention, as shown 
in d ra wing 34 . conformal one adheres to a dielectric and a side attachment wall 23 is formed in the whole 
structure. Here, the thickness of the spacer obtained is decided by thickness of this dielectric. A dielectric is 
etched into a degree and the structure of the final side attachment wall 23 is formed. 

[0024] Next, as shown in drawjng_.35 , the source / drain field 11 is doped by the self-align ion implantation 24, 
and the heavy dope of the silicon 1 1 is carried out. In order to carry out the mask of the SOI channel field to 
an ion implantation, the upper Pori gate 16 is used as a self-align impregnation mask. The source / drain 
impregnation shifts from a channel field with the side-attachment-wall spacer 23. A dopant is activated by 
high-speed heat annealing after impregnation. 

[0025] Next, as shown in drawing 37 , silicide 26 is formed in the source/drain, and the gate 1 1 of a self-align 
silicide process. This is performed to this contractor by the well-known standard process. For example, it 
prepares for application of silicide, as shown in drawing 36 , the whole structure adheres to the metals 25, 
such as Co (cobalt) and Ti (titanium), conformal one, and structure is heated. Silicide adheres to dielectrics, 
such as LTO, after adhesion of silicide conformal one. and the LTO cap 27 is formed ( drawing 3838 ). Next, 
flattening of the top face is carried out by CMP. A CMP process removes the dielectric matter 27 and is 
mainly alternative to silicide 26 or the gate matter 16 and 22. Since there is a limit in the selectivity of a CMP 
process, a part or all of gate silicide 26 may be unremovable. In that case, new gate silicide can be formed by 
repeating a self-align silicide process. Next, a final treatment is performed to the bottom gate 22. It adheres to 
about 100nm nitride or the LTO film 27 suitably first, and is behind patternized by the photolithography, and as 
shown in the top view of drawing 39 , and the sectional view in alignment with line L-L of drawing 40 , the hard 
mask which partitions off the bottom gate field 28 is formed. Next, the excessive bottom gate matter 22 is 
etched to BOX3, and as shown in drawing 41 and drawing 42 , it adheres to the thick passivation dielectric 29. 
Flattening of the top face is again carried out by CMP. A CMP process removes the dielectric matter 29, to 
the nitride hard mask 28, is alternative and does not mainly remove this. Next, as shown in drawing 43 and 
drawing 44 , it adheres to the 2nd passivation dielectric 30. 

[0026] next, as shown in drawing 45 and drawi ing 46 , it is alike on the source and a drain 1 1, and a contact 
hole 32, a contact hole (Bahia) 31 is formed, and it is etched by patternizing and etching of a photolithography 
on the two gates 16 and 22. Next, as shown in drawing 47 and drawing 48 , it adheres to metallization (metal) 
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33, it is patternized behind, and the electric contact to the source, a drain, and an up-and-down gate 
electrode is formed. When the gate is too short, width of face can be given to the design Ruhr about contact 
of the upper gate by applying the metallization of two level. Drawing 49 R> 9 is the top view of the completed 
structure. By amelioration by this invention, many merits are obtained compared with the conventional 
technique. By this invention, it adheres to the up-and-down gate at 2 times of the independent steps, and the 
vertical gate separated electrically is formed [ 1st ]. There are some advantages in this. For example, the 
mixed threshold electrical-potential-difference (Vt) circuit which could use the bottom gate for control of a 
threshold electrical potential difference, therefore suited the low power application is obtained. 
[0027] Circuit density can be raised with this structure again. When the gate has dissociated electrically, as 
for double-gate one MOSFET. the input gate contains two terminal devices [ four ]. Therefore, binary logical 
operation, such as NOR (nFET) and a NAND (pFET) eel, is realizable with one device. Usually, two criteria 
MOSFET are required for implementation of such binary logical operation for every cel. It is possible to raise 
circuit density in this way also in an analog circuit. For example, a mixer is realizable by impressing an 
oscillator electrical potential difference to the one gate, and impressing a signal (data) electrical potential 
difference to another gate. 

[0028] In this invention, since the gate dielectric which corresponds the up-and-down gate is grown up 
according to an individual, the gate and a gate dielectric can change and form the matter and thickness. 
Moreover, it is not necessary to make the same the doping level and the doping kind which are introduced into 
each gate. Therefore, the unsymmetrical gate is producible. Unsymmetrical double-gate one MOSFET is the 
most useful for a mixed application which carries out package junction of the gate like for example, a static 
random-access-memory (SRAM) application in order to obtain speed, and attains low power and high density 
according to an individual using the gate. Moreover, in this invention, since the structure of a planar is 
acquired, connection of a device becomes easy. Since good threshold electrical-potential-difference actuation 
is obtained, a device with the ultra-thin channel of about 3nm thru/or about 5nm thickness may be needed. 
Production of the hung silicon bridge with a film may reduce the whole yield. A channel with the thick layer 22 
is supported in this invention. Therefore, in this invention, a device with an ultra-thin channel can be produced 
and good threshold electrical-potential-difference behavior is obtained with such a device. This invention uses 
the self-align silicide process which lowers series resistance again. 

[0029] Although this invention was explained about the suitable example, it can add and carry out modification, 
without deviating from the main point and range of a claim so that clearly [ this contractor ]. 
[0030] As a conclusion, the following matters are indicated about the configuration of this invention. [0031] (1) 
The transistor which said 1st gate and said 2nd gate separated electrically including a channel field, the 1st 
gate on said channel field, and the 2nd gate under said channel field. 

(2) Said 1st gate is the transistor of the aforementioned (1) publication from which said 2nd gate and doping 
concentration differ. 

(3) Said 1st gate is the transistor of the aforementioned (1) publication from which said 2nd gate and doping 
kind differ. 

(4) The transistor of the aforementioned (1) publication which contains the 1st gate dielectric under said 1st 
gate, and contains the 2nd gate dielectric on said 2nd gate. 

(5) Said 1st gate has the 1st electric conduction contact, said 2nd gate has the 2nd electric conduction 
contact, and this 1st electric conduction contact and this 2nd electric conduction contact are the transistor 
of coplanar ****** and the aforementioned (1) publication. 

(6) For said 2nd gate, said 1st gate is the transistor of the aforementioned (1) publication containing different 
matter. 

(7) For said 2nd gate, said 1st gate is the transistor of the aforementioned (1) publication from which thickness 
differs. 

(8) The transistor of the aforementioned (1) publication in which the structure by which flattening was carried 
out in said 1st gate, said 2nd gate, and a channel field is formed. 

(9) For said 2nd gate dielectric, said 1st gate dielectric is the transistor of the aforementioned (4) publication 
containing different matter. 

(10) For said 2nd gate dielectric, said 1st gate dielectric is the transistor of the aforementioned (4) publication 
from which thickness differs. 

(11) For said 2nd gate, said 1st gate is a semiconductor chip containing the matter with which it is a 
semiconductor chip with at least one transistor, and these transistors differ including a channel field, the 1st 
gate on said channel field, and the 2nd gate under said channel gate. 

(12) Said 1st gate and said 2nd gate are a semiconductor chip of the aforementioned (11) publication with 
which dopant concentration differs. 

(13) Said 1st gate and said 2nd gate are a semiconductor chip of the aforementioned (11) publication with 
which dopant kinds differ. 

(14) The semiconductor chip of the aforementioned (11) publication which contains the 1st gate dielectric 
under said 1st gate, and contains the 2nd gate dielectric on said 2nd gate. 

(15) For said 2nd gate dielectric, said 1st gate dielectric is the semiconductor chip of the aforementioned (14) 
publication containing different matter. 

(16) For said 2nd gate dielectric, said 1st gate dielectric is a semiconductor chip of the aforementioned (14) 
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publication with which thickness differs. 

(17) Said 1st gate has the 1st electric conduction contact, said 2nd gate has the 2nd electric conduction 
contact, and this 1 st electric conduction contact and this 2nd electric conduction contact are the 
semiconductor chip of coplanar **** ** and the aforementioned (11) publication. 

(18) Said 1st gate and said 2nd gate are the semiconductor chip of the aforementioned (11) publication 
separated electrically. 

(19) Said 1st gate and said 2nd gate are a semiconductor chip of the aforementioned (11) publication with 
which thickness differs. 

(20) The semiconductor chip of the aforementioned (11) publication with which the structure by which 
flattening was carried out in said 1st gate, said 2nd gate, and said channel field is formed. 

(21) Said 1st gate and said 2nd gate are the approach separated electrically mutually including the step which 
is the approach of forming a transistor and forms a laminated structure including the 1st gate on a channel 
field, the step which removes said a part of laminating under said channel field, and the step which forms the 
2nd gate in the bottom of said channel field. 

(22) Said 1st gate is the transistor formation approach of the aforementioned (21) publication which supports 
said channel field between said removal processes. 

(23) Said 1st gate and said 2nd gate are the transistor formation approach of the aforementioned (21) 
publication that dopant concentration differs. 

(24) The transistor formation approach of the aforementioned (21) publication containing the step which 
applies a doping kind which is different to said 1st gate and said 2nd gate. 

(25) The transistor formation approach of the aforementioned (21) publication containing the step which forms 
the 1st gate dielectric in the bottom of said 1st gate, and forms the 2nd gate dielectric on said 2nd gate. 

(26) For said 2nd gate dielectric, said 1 st gate dielectric is the transistor formation approach of the 
aforementioned (24) publication containing different matter. 

(27) For said 2nd gate dielectric, said 1st gate dielectric is the transistor formation approach of the 
aforementioned (24) publication that thickness differs. 

(28) The transistor formation approach of the aforementioned (21) publication containing the step which forms 
the 1st gate oxide in the bottom of said 1st gate, and forms the 2nd gate oxide on said 2nd gate. 

(29) Said 1st gate has the 1st electric conduction contact said 2nd gate has the 2nd electric conduction 
contact, and this 1 st electric conduction contact and this 2nd electric conduction contact are coplanar 
****** and the transistor formation approach of the aforementioned (21) publication. 

(30) For said 2nd gate, said 1st gate is the transistor formation approach of the aforementioned (21) 
publication containing different matter. 

(31) For said 2nd gate, said 1st gate is the transistor formation approach of the aforementioned (21) 
publication that thickness differs. 

(32) The transistor formation approach of the aforementioned (21) publication that the structure by which 
flattening was carried out in said 1st gate, said 2nd gate, and said channel field is formed. 

(33) The step which forms the laminated structure which is the approach of producing a double-gate 
transistor, and has the 1st insulating layer in each side face of a channel layer and this channel layer, The step 
which forms opening in said laminated structure, and the step which forms the field of the source and a drain 
in said opening, The step which it leaves, removing said a part of laminated structure, and exposing a part for 
part I of said channel layer, The step which forms the 1st gate dielectric on said channel layer, and the step 
which forms the 1st gate electrode on said 1st gate dielectric layer, The step which it leaves, removing said a 
part of laminated structure, and exposing a part for part II of said channel layer, The step which forms the 2nd 
gate dielectric layer on said channel layer, and the step which forms the 2nd gate electrode on said 2nd gate 
dielectric layer, The approach by which said 1st gate electrode and said 2nd gate electrode of each other are 
formed according to an individual including the step which dopes the field of said source and a drain. 

(34) Said 1st and 2nd gate electrodes are the approaches of the aforementioned (33) publication separated 
electrically. 

(35) Said doping of the field of said source and a drain is the approach of the aforementioned (33) publication 
including a self-align ion implantation. 

(36) The approach of the aforementioned (33) publication containing the step which forms said 1st gate 
electrode so that thickness may become large from said 2nd gate electrode. 

(37) The approach of the aforementioned (33) publication containing the step which forms said 1st gate so 
that width of face may become large from said 2nd gate. 

(38) The approach of the aforementioned (33) publication containing the step which forms said 1st gate 
dielectric so that width of face may become large from said 2nd gate dielectric. 

(39) For the 1st matter to said 2nd gate, said 1st gate is the approach of the aforementioned (33) publication 
containing the step formed from the 2nd matter. 

(40) For the 1st matter to said 2nd gate dielectric, said 1st gate dielectric is the approach of the 
aforementioned (33) publication containing the step formed from the 2nd matter. 

(41) said — a laminated structure — a part — removing — said — a step — said — a channel — a layer — 
part II — a part — having exposed — as — leaving — said — a laminating — a tunnel — forming — a step - 
- containing — this — a tunnel — the upper layer — a lower layer — between — forming — having — the 
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above — ( — 33 — ) — a publication — an approach . 

(42) For said 2nd gate dielectric, said 1st gate dielectric is the approach of the aforementioned (33) publication 
containing different matter. 

(43) For said 2nd gate dielectric, said 1st gate dielectric is the approach of the aforementioned (33) publication 
that thickness differs. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF D RAWINGS 

[Brief Description of the Drawings] 

[Drawins 1] It is drawing showing the adhesion for producing a laminating, and a part of junction. 

[Drawing 2] It is drawing showing the adhesion for producing a laminating, and a part of junction. 

[Drawing 3] It is drawing showing the adhesion for producing a laminating, and a part of junction. 

[Drawing 4] It is drawing showing the adhesion for producing a laminating, and a part of junction. 

[Drawing 5] It is drawing showing the adhesion for producing a laminating, and a part of junction. 

[Drawing 6] It is drawing showing the adhesion for producing a laminating, and a part of junction. 

[Drawing 7] It is drawing showing the cross section in alignment with line L-L of dra win g 8 . 

[Drawing 8] It is the top view of DG-MOSFET produced according to this invention. 

[Drawing 9] It is drawing showing the cross section in alignment with line L-L of drawing 10 . 

[Drawing 10] It is the top view of DG-MOSFET produced according to this invention, and they are the source 

by epitaxy, and drawing showing the extension of the SOI channel to a drain field. 

[Drawing 11] It is drawing showing a side-attachment-wall spacer. 

[Drawing 12] They are the source and drawing showing flattening by CMP of a process and after that which 
buries the trench of a drain by the source / drain matter. 

[Drawing 13] They are the source and drawing showing the recess (crevice) of a drain. 

[Drawing 1 4] They are the source buried by the dielectric matter, and drawing showing the recess field of a 
drain. 

[Drawing 15] It is drawing showing etching of the nitride upper layer. 

[Drawing 16] It is drawing showing formation of a side attachment wall. 

[Drawing 1 7] It is drawing showing the structure after growth of an upper gate dielectric. 

[Drawing 18] It is drawing showing the flattening by the structure and CMP after adhesion of the upper gate 

matter. 

[Drawing 19] It is drawing showing structure with the nitride hard mask which partitions off a device mesa. 

[Drawing 20] It is drawing showing the cross section in alignment with line L-L of drawing 19 . 

[Drawing 21] It is drawing showing the structure in alignment with line L-L after mesa etching. 

[Drawing 22] It is drawing showing the structure in alignment with line W-W after mesa etching. 

[Drawing 23] It is drawing showing the side attachment wall in alignment with line L-L 

[Drawing 24] It is drawing showing the side attachment wall in alignment with line W-W. 

[Drawing 25] It is drawing showing the structure in alignment with line L-L after mesa etching continues to 

BOX. 

[Drawing 26] It is drawing showing the structure in alignment with line L-L after mesa etching continues to 
BOX. 

[Drawing 27] They are the structure in alignment with line L-L, and the exposed source and drawing showing 
separation by oxidation of the side attachment wall of a drain. 

[Drawing 28] They are the structure in alignment with line W-W, and the exposed source and drawing showing 
separation by oxidation of the side attachment wall of a drain. 

[D!rawiDg..29j It is drawing showing the structure in alignment with line L-L after the bottom nitrated case was 
removed by wet etching. 

[Drawing 30] It is drawing showing the structure in alignment with line W-W after the bottom nitrated case was 
removed by wet etching. 

[Drawing 31] It is drawing showing the structure in alignment with growth of a bottom gate dielectric, adhesion 
of the bottom gate matter, and line L-L after flattening by CMP. 

[Drawing 32] It is drawing showing the structure in alignment with growth of a bottom gate dielectric, adhesion 
of the bottom gate matter, and line W-W after flattening by CMP. 

[Drawing 33] It is drawing showing the structure in alignment with line L-L after the dielectric was removed 
from the source / drain recess field and the side attachment wall was formed. 

[Drawing 34] It is drawing showing the structure in alignment with line W-W after the dielectric was removed 
from the source / drain recess field and the side attachment wall was formed. 

£Q.r.aM0 J g..35j It is drawing showing impregnation of the self-align source / drain along with line L-L. 
[Drawing 36] It is drawing showing formation of self-align silicide along with line L-L. 
[Drawing 37] It is drawing showing formation of self-align silicide along with line L-L. 

[Drawing 38] They are the source again buried by the dielectric matter, and drawing showing the recess field 
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of a drain along with line L-L 

[Drawing 39] They are the top view of the nitride hard mask used for etching of the excessive bottom gate 
matter, and drawing in alignment with line L-L. 

[Drawing 40] They are the top view of the nitride hard mask used for etching of the excessive bottom gate 
matter, and drawing in alignment with line W-W. 

[Drawing 41] It is drawing showing the passivation and flattening of a device by adhesion of a dielectric and 
CMP along with line L-L 

[Drawing 42] It is drawing showing adhesion of a dielectric, the passivation of the device by CMP, and 
flattening along with line W-W. 

[Drawing 43] It is drawing showing adhesion of a dielectric, the passivation of the device by CMP, and 
flattening along with line L-L. 

[Drawing 44] It is drawing showing adhesion of a dielectric, the passivation of the device by CMP. and 
flattening along with line W-W. 

[Drawing 45] It is drawing showing contact hole (Bahia) opening for contacting the source of a device, a drain, 
and the up-and-down gate. 

[Drawing 46] It is drawing showing contact hole (Bahia) opening for contacting the source of a device, a drain, 
and the up-and-down gate. 

[Drawing 47] It is drawing showing contact hole (Bahia) opening for contacting the source of a device, a drain, 
and the up-and-down gate. 

[Drawing _48] It is drawing showing the structure partially completed according to this invention along with line 
W-W. 

[Drawing 49] It is the top view of the structure of this invention. 
[Description of Notations] 
1, 3, 6 Oxide 
2 Seven Nitride 

4 Wafer 

5 SOI 

5A Si donor wafer 

10, 14, 18, 23 Side attachment wall 

11 a-Si 

12 Recess 

13, 27, 29, 30 LOT 

15 Upper Gate Oxide 

16 Upper Gate 

17, 22, 28 Nitride hard mask 
19 Separation Oxide 
21 Bottom Gate Oxide 

24 Dopant Impregnation 

25 Silicide Metal 

26 Silicide 
31 32 Bahia 
33 Metal 
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SU:S i ~J ') v vA ? J^/?EStl'&o ^IC. SSLfcS i 

^•j 7v±rcy-i-feis«fti) 0 

[0 0 0 4] f)IB(D7^n— T(Di:*+L|ct^#^^.#.*< 
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I4S i A— £1 O nmm-te&-f &&W:tf&>V . WH^: 
+#$fl9L&A<6CCD^-&£Sj£U £fStt-f * > • x 
" vf-^f (R I E) teiS^R&CflMigii-C-fcSo Siteil 
(mi) tf5-TI=a»&4lfcV-^/KU-f 

fc-5„ 1n(DM (12) TM4. f/Wxgi's i A— iS£ 
|:*-3T«i**l4. ms^-CI*. Jl^fi]fflli:±Tfl> 

y— hgcD^ffiiA^+^'C'fey. 2o<7>y— hiim^w 

[0 0 0 5] K. L Chan. G. M. Cohen. Y. Taut. H. 
S. P. Wongl-cfc-S 1 9 9 9^3 3 1 9 BfiMfeBttftiMi 
f 09/27 2 29 7#"Self-AI igned Double-Gate MO 
SFETby Selective Epitaxy and Silicon Wafer Bonding 

Techniques'* (1JIT. ChanirP?^) 14. ±T<D?—htf 

OS F ET*tii£>ttS:S;££;fi]fflLTU-&o ZOZfCUz 
Xl=<£ yiiirfB<&Foiai4ISi:A/i:[HlBaF*l-5o LfrL-tT 
©y— H4«jaWi:»tt4tifc**T?a5*. -fc.14, y 
— H&ajtr^-V^JU^JS'y— h <!: LT 1 HOffigX^ 

[0 0 0 6] C*tl4. ^(DJc-p'SS^A^. 

61* 2 oroy- h * «9tMI=#*rr S £ i: A^S 

li>„ m2iz. Tf- ht±y- h*»»*mic(4hi:hj 

Sfrhf&f&Ztl&OV. 3SIDG-MOS FET L A x 

SDG-MOS FET ^S"^" •£>C<b!4T?cr£cl N Q 
[0007] Chanl4. Sffi Lfcv- 'J 3 > ■ ?Uvv 

— -?;u&y- n*ua>(**i=«fc ir*+*;u*ji"y— h 

-T-SI-14. ^•V^MDJSS^S' 3 nmM5 nm 

9 6+»»t^B * l J £ £>fr if ? AM4B.3 6 
X'Ul\ *£oT. Z0D.#(4ChanlCj:^^'D-feX|r$fl|®^ 

[0 0 0 8] 

-MOSFETA^ftbW. •?•<£>,}: 5 T- 14 ^< 

^fiEt'?SDG-MOS F E TA<^to6tL-&„ 
[0 0 0 9] 



»»$ltxf7^. ***;Uli::*i y- KKl:Jf£ 

tetfL-t%>*T-vz*. «iy-hBMuii=*iy-h«s 

jKcm2y-htts^^-ri)X^->^ suiet^ 
iMc&:sicjf2M£$;h.&. $f^u • y- hsaniK c i 

<5 o 

[0 0 10] hS§«{*li»tt* S i 02*^&»«* 

[0 0 1 1 ] 

[XHOXtkaKM BIT, ±T©y- h*<«ftttlc» 
Sh7>vX$ (DG-MOSFET) &tf -tC&fEfi* 

?ST'fe^>*^B^|zoiNTiS0^^^ o Sir. ±T<7>y-h 

[001 2 ] HI 71jSg] 6 IZtk'?* 5 \Z^ *nBJ}\t-m 

3>Uf8 a B B OiA5A (K^--^x/\) \z%m? 
5e *l:afcvUa>l2 (c*ttt«5llift i o o n m 

(«X«»400nmI) =SHt V U =l >Jf 3 £SltJf 
Z\zmf&-ti>o *I^^S^X/\$y\> K;U ■ ^X/\4(Z 
»*&-T5 0 C0fg-&I4> ?PP> ■ ■ ^ K^^. sm 

artCut. ^^#lc(4^^0CD^;i^. -$Wv'J^> • ^ 

lis Jean-PierreCol ingelCct -SSi I i con-On- Insulator T 
echnplogy. 2nd Ed. Kluwer Academic Publishers. 199 
7^#fig$+lfcl^e ) ^SO I I5JMOS FETf 
■V ^;Uc£x^^l5^|c^m-r #iJ^_ tfsmartCut;£ £ JB 

> K;u • ^x/\4ic»»'$+t* 0 ^Kj^+tfcS iHI*S 
S i O2^C0|fe3Sffilztg^$4x5 (fieorsi licon-o 
n-insulator (SOI) tmi*l&) • ^»S*tfcS i 
MOW-frlt* smartCuts£0)— »l?fcSaA7k*(75a$l3 
cfcUa*5o so 1 1114. /\> K;u • ^x/\4ir^g)$ 

soiB«ttii#. «*««rft^xttHi«rlfel=«ty«a 
^tt'o) (G.M Cohenbf-ct ^Appl ied Physics Letters, 7 
5 (6), p. 787, August 1999£#JS£;ftfcl*) e 
[0 0 13] «Cll^BftyUa>i6 (*52nm) 
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'J3>I7 (&J 1 5 O n mW) A^rgftv U3>f6 |Z 

»«te*<atoa^a<b«a (box) 31*1::— 
iBS^n^c c4i6 2oa>««ima>oii*. ttS£*ifc 

MOS F ET^r- hCOS$ (Lg) |C&£ e 
[0 0 15] «XftCDfc». CCX'te^^^it^ 

*Jf B 7, 99. 11 1 ttMl 18, |20 s B2K 
123, B25, 127, 129. 13 1 . 13 3 7bM 
138. 140. 14 1 . 143. 14 5RISM4 7 

14, H8ai/H9iz*Lfc«jfta>TffiH«ttL-Liz5a 
orttjyiSofcig-efcSo 

[ooi e] *mmv\t. ^y^xf^titzmmom^ 

I9&yi1 OICtf-T fggSO I 
^blWtv^ • ->'J=1> (e p i ) 3IfiSP9 £® 
^K)lCj£:g£i±£o ep iMSSP9(4, 
fc»«8fzffitf % x*y^>y4*Lfc«J*a>±Hlca*f 
|, 0 ep i 9 $14, #511^145 O nmt'fe 

&o Sfi»l4. S i G e , S i G e C, ^H%IZl4jl£Q 

[o o 1 7] 1 1 1 iZTjk-jrk 5 \z % x^>$rs 

*ifc««8(D««lC«W^/<— y-1 0 6<J&fiES*lSo - 

*i& 0 tgm^cDff^iCct y»6*i*^^— y-i oa>»** 

ea*(4. x^>$f»#e£#3.*»Rlc 

cfcyffljex^— tM 0*<»j£*;h,5. *fc**14xy^ 
>y (filStt-f • Xt;y>^*fcI*a*<b*XyTF 

>>f) iz«fcy % s o i f Lfc-> 'J 3 

[001 8] *|CH1 2lcSf<fc3K, y— 

i*<*rt$*L5. £*U**il^ T^^tx 

• v'Jzi>£fc(47KU v'Jn>1 1 £, x ^5^^**1 
fc^iSSlc^S-r-SCtl^cfcoT^H-So 11 2lz^ 
-r*5l^, ■ v«j3>!*S-(b4»7CD±ffiJ: 

y»<a«*i?f*»*#i4. m2ir. i«ib?MSfs 

(CMP : chemica I -mechanical polishing) |rd:y± 
EA«Fmb**i5. CMP^n«izX(4£ir. 7^;u:7t 
XS i £i&£L, B-lbtt7|z»LT(4atRMT*feS 0 * 
Id 1 3lZ5ft*-J:5lc. SK14^^> • X^^XffCcfc 
yV-X/KU-f>««1 1 CD->U UizX 1 2*< 

^f££ti£o g&lc. 11 4lz*fJ:5lzy-fex«#i 
2lcR*{*1 3 (£{btt«) ««(*!* U-b 

1 2|-^tLT^±lC|H]^|l^^ 0 ^<D&. CMP 



irctyRmft^TaftS+Lft. 

[0 0 19] 11 5(C^^cfc5l^, «»<D±»(D 

(xay>M) icj=y±kft*7*»y*< ctiri 

oTfi^ft^o I2C, 11 6l=«-r<t5l^«»1 4*< 
t-7;U:ftfl, BS«#*x^^>yr4cfc|rj:-D 

x^iS^^^o ««{*a>»^izj:y«fii 4 0)«^4<a 
££ e S3ir. ±*tt/<^ KK<b*6*<aa<b*x^^ 

>£f Mitf7yft*») K*yi»*S*t* 0 

11 HZTFt&olz. SO I 5 LJ e*;^5<D±BI::±y-- 
hS!m#: (Bfbtt) 1 5£j£S£i*6c ±y— httRl 

6 (mii, K— ^Lfc#y *>y n>£fci4£ >yxf 

» — 7;H:fttf Sti, 11 8lz^£?\z 

y±BB4«¥*ft**t6. CMP^p-tzXIi^lc. Slb^ 

y*<. n 9xi;H2oi=:*-r«t5ic, mat 

rot-* • /\— K • 7X^7 1 7 3&<E«*4x5o ■ /\— 

K-7«tt, »»lCf4»1 OOnmKDHblMf 

icty. S<bJii4«-e/<* — ><b$*t*o 122, 12 

4. 126. 128. 13 O. 132. 142. 14 
4. 14 6&1/14 8 14, 11 9{":^-f £IW-W{C; v Q v -o 

tc^@lTfc&o 

[O 0 2 0] *{*M|CI4. • /\— K • 7X^7 1 7 IC 

$->ft$Wc 1 ) 12 1 StfH 2 213^^*513. 
R I EtSO I I^tX7f>^L, Slb$&-ex h 
7^tS. 2) 12 3SI/12 4lr^-TJ:5(^, iftmiz 
14^7 5 n m(D<£;S^^bfej (LTO : low temperature 

oxide) m<nmnft%m&±mzzi^-?*-'?)i,izttm 

L, RI**i*;f>yLtiH 8 5Mt^ 0 3) 

12 5^1/12 6(C^-Tc*:5l3. BOX 3(D~f5^ — SSI 

□ -t x (D m \z Tm it ft 2 © ms * s a *r s . 

[002 1 ] 12 7MB2 8lC^-Tcfc5lC. *^BJT* 
f4fft»<btt1 9 lltHLfcV— xa^KU-f 

xDwes^m-rft. i2 9^i;i3oic7F-rj: 

Ttt<b*2*«l****t«^fc-e. r/WxcDifi^f^ic h 
> 2 o a $ ^p] iz b s l fc ^ y v $ tt 

^>o £fcsaib3*x-/^>^ (y>K*> iz*yT«e 

[0 0 2 2] 13 1 &1/13 ZlZTT.-t&^lZ^ T 

h«ffi2 ZhmfiLZixh* Ctul4gfi). SOIf^ 
^;U5T®lCTy-hlgStS (S1b«9) 2l£j£H£# 
ftdilZcfc*. Ty-H*«2 2 (K-^Lfc?Kyi>y 
=]>. ^ ><7~Xir>l?) ^<Z3>^^— VJU|Z«*S*t, 
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[002 3] S3 3 ICS** SIC V-X/Kl/-f>' 
y^RS&L TO 1 3A^X^^>^$*lSo *58W 

2 3 

[0 0 2 4] gj3 5{Z7F-r^^(3. gBg^-l'* 

>a a 2 4 1: * y v-x/ k u-f >a« 1 i jk-^ 

U S/"Ja>l 1 *IK-^t5o SO If-v^HH 
Ku-O^AI*. fiiJMx^—- y-2 3lc«fcy^**;HMl 

[0 0 2 5] 03 SBS^vU 

K<D5gfflCH§;LT* m3 6|-^-T^5lc^iit^:{*!rc o 

(□/^h) . T i f04l2 53ib> 

7*<»jSS*l4 (B 

3 8) o *lCCMPlZ«fcy±ffi*<¥S<b**t*. CMP 
?nHzXli£l^ R«i*ttJt2 7**y«#. 

K2 6W-h^H 6, 2 2IZ*JL"CiI«ttn*fc5o 
CMP^P-feX<D»«ttlCl*|gJS^fe*fc«). h • 

5/ 'JIM K2 6G>-»*fcl*±«BSI»*t?tftt^ 

ys-rctt?. Htll^— h *>«j*-f K$»«r*c 

*tTV- h2 2lzfttl«ia6<Sfi**tSo 
*-r»J8lwl4ft 1 0 0 n m0g<fb%£fcl4 LTOM27 

&t~?* MJ V4f5 7-flC«fcy/<$ — >it 
£*U H3 9(D¥Iiti4 0CD$IL- UZjQ-sfcBrB 
EH-^-f £51^ T>f— h^l2 8 £!j1£^£/n- K • 

BOX 3jt*l7f >^*cftLs g]4 1 Si;g!4 2IZ7F-T 

ti^p m/cMPic < fcy±s*^ s PS<b**i4o cmp? 
□•bxiiii^ R*ftttK2 9^y^t, a<b*/\— 
K ■ ^*<7 2 8ic»L-ca5?M-e*oT^*t*»y»< 

dil4«FL\i #1^. 04 3&tfB4 4 5 IC, K 

[0 0 2 6] 14 5^04 6lZ^-r J:5lC. V 

— XSl/KU-f >1 1 . h ■ ^3 2±|C|r 

y— hi 6. 2 2lt\ 7t h'Jvy57-fO)/W-> 



itt3iV^><?\~£ 1 ) *V^><?2*lZ>o 14 7 

Sl/14 8(C^-T ^51^. > £ 7-f-t?-V3 > (^M) 
3 3*<tt5i£*U VftSftT V-X. KU-f 

irBBLTtttf;u— JU-*I*tfcl4-«^t^"C#*o S 4 
1 (z % ^m^MV\t±T<D J f— K6<2@CD&:&LfcXT- v 

ofcl^LfUllE (Vt) @84<»6ii4. 

[0027] ^o)fliaE-ctt*fcia»«**-tif4^t^ 

y-hMOSFETIi, \tS*f— h^2 OCDS^T/N-T 
(nFET) . NAND (pFET) -\z)\y^(DJ^^ j~ U 

[0028] ±T(D7— h&tt&irhf— 

tiCt^tti. y-hMOSFET 
»«7>yA-7^^^^U ( S R A 

m) m&<»*5\^ xe-K*»«fc»y— h*-!S» 

If SlBI^vU^ K ■ ?n-feX^*iJfflLTL^o 
[0 0 2 9] »»JUS«lzBLTBW8Lfc 

Sl/ffiHA^ ^iftB^-Ti) ^ < ^M^^JD^T^SS-r £ - 
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[0030] stfttLt. *3£mo>mtfL\~mLx&LT 

[003 1] ( 1 ) tWHat, gJlB^-V^^HE 

fl)±rogi^-ht. MlB^-v^iiiSttTa^y— 

- h t . MIB* 1 flf- h R I/MSB* 2 y- h A<5 

c 2 ) mu% 1 y- h i*wsb* 2 y- h <t k- e >y« 
**<*ft*. mis (1) lets© h^vxs,, 

c 3 > msb* 1 ?- v \t mib* 2 y- k t k- £ > y a 
aw*** wsa (i) sBttro i-7>v/x?. 

(4) msb* 1 y— hcDTi^m 1 y— ht^mt*£> MSB 
i2^- h©±icm2y- hfMU***t.\ ifflSB (i) 

(5) mem y— m=*i we* 
2 y— hicm2^®3>^^ K*<fey . ia*i^m=i> 
-9^7 h<tism2^s=i>^^ H4=i 5 y MIB 

(I) IB«0> 

( 6 ) msb* 1 y— h i*mib* 2 y — h t &®>m. 

MIB (1) E8©h7>vX$. 

c 7 ) mum 1 y— h ismse* 2 y- s t 

£>. MIB (1) IBKO> I- 5 

(8) Msa*2y— k a^-v*^ 

M«El;«fey¥Jaft*^fc«ai* < ^fi£*+t-5>. MIB (1) 

c 9 ) mib* 1 y- hf§«#i*MiB* 2 y- i-g§s<* t 

li*JS:4ttJt£*fc\ WE (4) E1©F5>^. 

do) mib* 1 y- n§«fti*MiB* 2 y- hi^mt* 

tl4»*A«**i>, WIS (4) U®.<0 h7>v^. 

(II) <t£ 1 h7V/X$ £f#o¥##^ 

iB^^^;u^nEcD±<7)mi y— h fc. wsB^-vt-^y— 
h©T©S2y- i~t. mib*i y— M*itre 

m2y-Ki:l4S^i) ! ^K$^t% X 
(.1 2) MSB*1 y-l-fclWBK2y— H*K-/<> K 
MSB (1 1) Effl)***fy^. 

(13) msb* 1 y- h t mum 2 y- m* k-/<> h 
atfjifc*. mib (11) Ei©*fftf*^. 

(14) mib* 1 y— ke>ti-* 1 y— hi^m&£. m 
e*2y— Ko±i-*2y— msb (1 

1) !B«ro*iiH*^-y?o 

(15) msb* 1 y— Y-mn^tmum 2 y- 

£$)SC£#t>\ MIB (1 4) IE*©**** -y 

(16) mib* 1 y- M^mwsMSB* 2 y- i-smi* 
tttw*)!!****. wsb (14) mmoz-m&^-uzfo 

(17) mib* 1 y— hi-* 1 mw^ v h*<« msb 
*2y— hi-*2^m=i>^'7 h*<fey. ss*i#ra=> 

IB (1 1) SBm©****^'?. 

(is) mib* iy-hi mum 2 y— h l*«JRMI=» 



life. MSB (1 1) IBeo^Uft^ -J Zf„ 

(19) MIB* 1 y- h t MSB* 2 y- h l4J**A<#tfc 

*>. tine (1 1) iBero^ft^-^^o 

(20) msb* 1 y- h . wis* 2 y- k . 8.vmu? 

•V * ;u«*l= <fc y ¥Sfc $ fttz^iitfft* i£ $ *l £ . MSB 

(11) E«a>¥an*y??. 

(21) h^^X* $^iS-r-5^T-fc-oT. ^-V*- 

ju«*jtic* 1 y- f-fttaisi^Mt^^f v 

Zft. guIB5 iJ r^;Hi«T<7)BiIIBaMCD-gP$5ty»< 

x-r-v^i:. ftiia^^ *;u^wTi-*2y— himm 

-?Z>*^vZft. ffilB*1 y- K<tBiJlB*2y 

(2 2) we*i y— n*«rd**^n"b^a>Mi=«ria 
^v*;uMit^^*-ri.. fJlB (2 1) SBtlCD 1-7 

(23) 8tr sb* 1 y— h t mum 2 y- h i* k-/ > h 

«TK (2 1) IB«0) h7>vX$ffi>j£;S 

;£» 

(24) MIB* 1 y— h i ffilfi* 2 y- h ICM'S 4 K— 
tf>yi*lS1"4Xf MIB (2 1) Ett 

(2 5) B!Tffi*iy— KT(=*iy— t-SMSt*£, bUIB 

mzf— h±i-*2y— i-mm& : £tej$.-?z>*7-vzf& 

MIB (2 1) IBt^CD h7>vX5MS;i, 

(26) mib* 1 y- K^m&iiMtB* 2 y- h^m» 
ii4W*4*«**t?. mib (24) taaroh^v^x 

(27) mib* 1 y- h^»^i*MiB* 2 y- h^m<* 

tliff^j^JKtft. MIB (24) IBmro h7>v^ie 
(2 8) MIB*iy— HTlc*iy— KII1b1fe«. MIB 

m2y- h±i=*2y-hM<b«s*»rt-*-*^ j f -y^* 

MIB (2 1) IBKO) h^VvXS^JSTs&c 
(2 9) MIB* 1 y— hi:Sli?a>$f KA<. MIB 
*2y- M-*2 2Stt=J>2-> h*<fcy. iHil3 
h«!:IS*2^m=3>^^ Hia^7fP*4, M 
IB (21) IBtlO h5>vX^J^)S7Djic 

(30) mib* 1 y— h I4MIB* 2 y- h t itmu -& % 

M^^t;. MIB (2 1) IB«<7) h^^^X^^Jil^Ji. 

(3D msb* 1 y- H4MSB* 27*- 1- 1 temti-tfm 

MIB (2 1) SBK(D h^>vX^fl$fS^;io 

02) Mse*iy— h. Mis*2y-h, si/mib^ 1 

^*;u«*l=J:ysFS{b**ifc1iJS*<»fi6S*t4. MIB 

(2 1) UWiCO t-=7>isX$tetfL?5&o 

(3 3) 5f^;U-y— h- K5>v^^$ffi!l-ri)^;i 
T'feoT. T-v^-iHiaUIS^-V^JUlro^WSlc* 1 
ttlHi*l*oaii«ift*»*-t*^-T^^i. MSBSI® 
gjlCHPfiKit^f-^,!:. MIBB8PI-V-7.a 
I/ KU-T >05^^ft5J$f^X^-v^i:. MIBad«it 
<D-SB£ ^ L TMIB^ -V *;uHG>* 1 SP» ^Stb L fc 
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m&zi&f&i'&^v^t. we* i f— h^as±i^ 

giy-hlSJMtSXf WSiSJftSiitf) 

l*»«t4^f-;^, WE* 2 y— hSISJi±[^m 
u-f K— ?tWf*;?t, WE* 

1 ?- h *« t me* 2 y- k Mia<aiMz«aii=»j* 

(34) mE*iatf*2(DY— 

Lf-. WE (3 3) tZMWfi&o 

(35) wev— *atfKu>r ><d$m<dwek— tr> 
^i*aas^-f *>aA**t;. ws (33) e«o>* 

(36) WE* 1 Y- h ««*«FE* 2 hlSJ: y 
»^3&<*#<*4<fe5®fiK"^*^-T-^^ , *'tti\ WE 

(3 3) ISl£CD^}io 

(37) HrtB*Hr-h*«WB*2y-h«fey«A<*# 

^^^jst"**^^*^ we (33) ek 

CD:£;£o 

(38) WE* 1 hBS«<*£WE* 2 Y— hRVtt 
e fey>IS* < *#< 64J:5»at4Xf7^*tt\ WE 

(3 3) 

(39) WE* 1 h I** 1 **** ^> * WE* 2 

Htt*2ttR^&»ja-r«XT'^^s*t;. we (3 

3) 

(4 0) WE*l y—H««*tt* 

2 >f- hmmfcitn 2 

fc\ WE (3 3) E«<o*a. 
(4 1) WEWIifll*©— »tl»*"*"*WEX^^^ 

i*. wE^^*imo*2«ii»*iiajufc**»L. w 

;U*±JIiTll©mil-»Ja**t*. WE (3 3) E«CD 
(4 2) MCX 1 y- hRWttHWB» 2 y- hR«# 

ttt*a4****t?* we (33) seeosSe 

(4 3) WE* 1 h««*l*WE* 2 hRW* 
fcliff^tfWftfi* WE (3 3) ISKDSSo 

[14] aiitf*B-r4fc»a)#»t«da)— 
[15] »jisft«-r6fc»a>«»t*do-»**t" 



[16] «Ji*ft«-r6fc«>CDft3ii:**0)-»**-r 

i-efo&o 

[^7] l8<Df£L-LIC;£ofcK®£^lT*fc£ 0 
[18] *^|:«oHtS$tLfcDG-MOSFET 

[19] 01 0<&«L-UC5aofcKS£*-*-B"Cfc 
[110] *f iCto tftfij D G - MO S FE 

[Hi] itx^^Tvtit'fe«)o 

[112] V-X. Kl/>f>Ohb>f£V-X/Kb 

[113] V— X. KMXDU-bX (Dflffl) **tH 

[11 4] R«ftHt?a»&*tfcV— X. KU-f ><D'J 

[H 5] SE<btt±lia>x^^>ys*-rH"efcS 0 

[11 6] m&Of&A^-tBVhio 

[117] ±y— KR«*(DJ«ft«:(3[)«JitS*-rH-C* 

[11 8] ±tf— hft«©tt»fc©*»iCMPlzJ:« 
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